‫؍‬ 94.317(2)3, Z ‫؍‬ 4, and the X-ray powder di4raction pattern has been re5ned to R wP ‫؍‬ 8.7%. Cu 3 [(O 3 PCH 2 ) 2 NH 2 ] 2 is orthorhombic, space group Pbca, with a ‫؍‬ 16.1209(6) A > , b ‫؍‬ 9.4890(4) A > , c ‫؍‬ 9.4113(4) A > , Z ‫؍‬ 4 and its pattern was re5ned to R wP ‫؍‬ 13.5%. The crystal structure of aluminum phosphonate contains a close packing of inorganic chains, formed by alternating AlO 6 octahedra and O 3 PC tetrahedra. These chains are covalently interconnected by the organic groups to give the 3D framework. The structure of copper phosphonate has two distinct copper environments, one a tetragonally elongated tetrahedron and the other a distorted square plane. These structural units are linked by the organic phosphonate. Thermal and infrared data are discussed.
INTRODUCTION
Organo-inorganic hybrid compounds constitute an important "eld in the area of advanced materials because the structures can be reliably designed in some cases. Metal phosphonate chemistry is one way to synthesize these hybrids and it has attracted a lot of interest in the past two decades (1}3). Metal phosphonates display a wide variety of structures ranging from one-dimensional chains to threedimensional microporous frameworks, passing thorough the very common layered structures (1) . It is possible to have a certain control over the dimensionality of the metal phosphonates by the suitable choice of the phosphonic acid. Furthermore, by carefully choosing anionic ligands forming robust hydrogen bonding networks, one can synthesize hybrid materials with preordained structures that do not depend upon the metal countercation (4, 5) .
Functionalized metal phosphonates may have new properties due to the organic functions they include. Consequently, these materials can "nd a number of practical applications as catalysts, hosts in intercalation compounds, sorbents, ion exchangers, protonic conductors, and components in the preparation of "lms possessing optical, nonlinear optical, or electronic properties (1, 6) . Furthermore, the presence of these functions (such as amines, acids, etc.) in the organic rests opens new possibilities to synthesize tailored materials because of the reactivity of these solids.
We 
EXPERIMENTAL
Chemicals of reagent quality were obtained from Aldrich and used without further puri"cation. The source of nitrilotris(methylene)triphosphonic (TPA) acid was the 50% w/w commercial solution. NaOH (98%, Prolabo) was used to regulate the pH. In the synthesis of the copper(II) phosphonate, nitrilotris(methylene)triphosphonic acid was also used. However, all synthetic attempts by re#uxing or hydrothermal methods (not reported) yielded the same "nal product which contains copper nitrilobis(methylene)diphosphonate. Several syntheses with di!erent TPA:Cu molar ratios were tested and only CuDP was obtained. Under the studied synthetic conditions, a solid with a C/N ratio of 3.0 was never prepared. So, we conclude that an acid solution with Cu> cations near 1003C catalyzed the rupture of the nitrilotris(methylene)triphosphonic acid to yield nitrilobis (methylene)diphosphonic acid.
Synthesis of
On the other hand, CuDP could be described as Fig. 1 . DTA shows a strong exotherm centered at 4003C with an associated weight loss of &21% but without a plateau with a constant weight. A second exothermic e!ect is observed at 8203C followed by a broad endotherm at 10203C. The "rst exotherm is due to the combustion of the organic fraction with the releasing of NO V , CO , and H O. A thermodi!ractometric study indicated that AlTP heated at 5003C is amorphous but at 6003C displays a powder pattern that matches that of Al(PO ) [PDF no. 11%. This loss is due to the combustion of the organic fraction. CuDP undergoes another transformation on heating with an important weight loss which is larger than 25%. The material heated at 9003C for 12 h displays a powder pattern that matches that of Cu P O with PDF no. 71-2177 (10). This second weight loss is due to the release of P O . The overall expected weight loss of CuDP to give Cu P O is 24.05%, which is slightly lower than the experimental value, 26%. This small disagreement is likely due to the presence of an impurity amorphous phase with a higher organic content which is corroborated by the CNH analysis that gave a measured C/N ratio higher than 2.00.
IR Spectroscopic Study
The IR spectrum for Al[(HO PCH ) N]H O is shown in Fig. 3a , where the positions of the bands are also given. The region between 4000 and 2000 cm\ shows "ve bands. The broad absorption at 3330 cm\ is due to the O}H stretching vibration of the hydration water molecule. The position and width suggest that it is interacting strongly through hydrogen bonding. The strong band at 3060 cm\ and the small one at 2800 cm\ are typical of the C}H stretching vibrations of the CH groups. A possible N}H stretching vibration (see discussion below) should be located in this range. The broad bands centered at 2650 and 2370 cm\ are related to PO}H vibrations and are always present in the IR spectra of phosphonates containing hydrogen phosphonate groups (7, 8) . The broad band centered at 1610 cm\ is due to the bending vibration of the water molecule. The intense band at 1415 cm\ is typical of the CH deformation vibration and the bands near 1300 cm\ are due to the P}C stretching vibrations of the phosphonates. The two broad and intense bands at 1130 and 990 cm\ are due to the P}O stretching vibrations. The remaining bands are given in Fig. 3a and the assignations are very risky since this complex solid has many vibrations in this region.
The IR spectrum for Cu Fig. 3b together with the position of the bands. There are some similarities between the spectrum of CuDP and that previously discussed for AlTP. However, there are also some di!erences that must be noted. First, this compound is not hydrated and it does not display the broad bands near 3330 and 1610 cm\ shown by AlTP. Second, this compound has a NH group which results in two sharp bands at 3035 and 3005 cm\ due to the N}H stretching vibrations. Furthermore, the bending NH vibration is now detected (2) 1.506(5) P(2)}O(5) 1.522(5) P(1)}O (3) 1.502(5) P(2)}O(6) 1.516(5) P(1)}C (1) 1.806(9) P(2)}C(2) 1.829 (9) P(3)}O (7) 1.510(5) N}C(1) 1.61(2) P(3)}O (8) 1.523(5) N}C(2) 1.52(2) P(3)}O (9) 1.502(5) N}C(3) 1.50(2) P(3)}C (3) 1.806 (9) in the IR spectrum as a sharp and intense band at 1562 cm\. The sharp bands located between 2800 and 2500 cm\ are due to the C}H stretching vibrations. Two small and sharp bands at 2435 and 2353 cm\ are likely overtones and combination bands. It is worth noting that the overall shape of the P}O stretching vibrations is similar to that shown above. However, this compound is more crystalline and the bands are sharper with several vibrations between 1200 and 1000 cm\. The CH and P}C vibration bands are now located at 1411 and 1324 cm\, respectively. The crystal structures were solved ab initio by powder di!raction data. Both models have been provided by EXPO2000, the new release (in preparation) of the distributed EXPO package (14) . In the present version of EXPO2000 the automatic structure solution process includes (1) the pattern decomposition into single integrated intensities by means of the Le Bail algorithm (15); (2) the structure determination by direct methods; (3) a new procedure (still in progress) in which, starting from the E-map, increasing portions of the electron density map are selected and used to phase a progressively extended number of re#ections; and (4) a "nal Fourier-recycling and leastsquares re"nement procedure (16) to optimize the atomic model. For CuDP, all atoms in the asymmetric unit were supplied by the automatic procedure. At the end of the automatic run for AlTP, all atoms in the asymmetric unit, but one carbon [C(1) in Table 1 ] and one oxygen (the water molecule oxygen), were correctly located. A Fourier di!erence map gave the missing carbon.
Structural Study
The structural models obtained in the ab initio studies were used as starting models for the Rietveld (17) re"nements by using the GSAS package (18) . The patterns were "tted by re"ning initially the overall parameters: background, zero-point error, unit cell, and peak shape values. A pseudo-Voigt peak shape function (19) corrected for asymmetry (20) was used. No preferred orientation e!ects were observed in both patterns. At this stage, the positions of the atoms were re"ned using soft constraints for the distances P}O [1.52 (1) A > ] and P}C [1.80(1) A > ] in order to keep a reasonable geometry for the tetrahedral O PC groups. Initially, the weight factor for the soft constraints was high, !1000. The weight of the soft constraints was steadily reduced to the "nal value of !20. The oxygen atom of the water molecule could not be located for AlTP. The "nal di!erence Fourier map was featureless. The inclusion of the oxygen in any position which had a small residual electronic density gave unstable re"nements with a worst "t. All atoms were re"ned isotropically for both compounds. The last re"nement for AlTP converged to a" 12.1945 
"8.7%, R . "6.7%, and R $ "7.5%.The last re"nement for CuDP converged (4) 1.962(14) Cu(1)}O (4) 1.962 (14) P (1)}O (1) 1.522(2) P(2)}O (4) 1.518(2) P(1)}O (2) 1.512(2) P(2)}O (5) 1.511(2) P(1)}O (3) 1.516(2) P(2)}O (6) 1.522(2) P(1)}C (1) 1.80(3) P(2)}C (2) 1.83 (2) N}C (1) 1.520 (3) N}C (2) 1.614 (3) to a"16.1209(6) A > , b"9.4890(4) A > , c"9.4113(4) A > , R . "13.5%, R . "10.2%, and R $ "6.1%. Final positionaland thermal parameters for AlTP are presented in Table 1 and bond lengths in Table 2 . Final positional and thermal parameters for CuDP are given in Table 3 and bond lengths in The crystal structure of AlTP is three-dimensional with chains formed by AlO octahedra and O PC tetrahedra running along the [010] direction (Fig. 6) . The AlO octahedra are linked along the chains by the phosphonate groups. The AlO distorted octahedron has an average Al}O distance of 1.929 A > which compares well with the expected value, 1.935 A > , from the Shannon ionic radii (21) . The polyhedral linkage along the chains resembles the &&lan-tern unit'' of NASICON phosphates but totally condensed (22, 23 (Fig. 7) in the ac plane. The linear inorganic chains are not isolated but they are covalently branched through the organic part, formed by the methylene and nitrogen groups 3P,(CH ) N, giving the 3D network. There is a short contact between O(1) and N of 2.73 A > . So, the nitrogen atom could be protonated, R NH>, and the phosphonate P(1) group should be negatively charged. It may be mentioned that the oxygen atom of the water molecule in this structure could not be located by the di!erence Fourier approach because the water molecule might be disordered in the interchain space.
The crystal structure of CuDP is also three-dimensional with two environments for the copper atoms. Cu(1) is in a tetragonally elongated oxygen octahedron with three pairs of Cu}O distances, 1.91, 1.96, and 2.42 A > . The oxygen environment for Cu(2) is a distorted square plane with four similar Cu}O distances of about 1.96 A > (see Fig. 8 ). These oxygen environments agree with the Jahn}Teller e!ect shown by the Cu> cations. The multiplicity of the Cu(1)O octahedron is half that of the Cu(2)O square planes. The crystal structure can be described by layers of CuO octahedra and phosphonate tetrahedra packed along the aaxis. These layers are covalently bonded to each other by the CuO square planes, and the organic"(CH ) NH groups (Fig. 9 ). This 3D structure encloses small channels running along the b-axis, where the hydrogens of the NH groups are located. In this structure, all oxygens of the phosphonate groups are strongly bonded to the coppers. So, the proton must be linked to the nitrogen, ruling out the possible existence of a hydrogen phosphonate, O POH, group. If we take into account the van der Waals radii, the channels are very small and this solid cannot be used as a molecular sieve. This copper phosphonate is not expected to have magnetic properties as the copper oxygen polyhedra are isolated with a unique link between the CuO and CuO groups mediated by O(2) which is long bonded to the octahedron because of the Jahn}Teller e!ect. There is not an in"nite Cu}O}Cu linking in the structure. 
